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SUMMARY

Ongoing studies at the Armstrong Aerospace Medical Research Laboratory of
the effects of chemical defense gloves on dexterity and performance indicate the
need for improved sizing. This is particularly true with regard to the smaller
hand sizes required by many women. The present program was undertaken in order
to provide designers of gloves and hand forms with data which incorporate the
range of size variability of Air Force men and women into a single system. The
report details che development of a nine-~size, integrated system which provides
design values for 22 hand dimensions and two dimensions taken from current
Department of Defense hand forms.

Data for two slightly different nine~size systems are presented: one is
for gloves to be worn directly on the bare hand and the other is for gloves worn
over a typical liner. The latter includes increments in appropriate dimensions
to permit accommodation of the liner inside the glove. Both systems include two
sizes which are based exclusively on female data, two sizes which are
integrated, and five sizes which are exclusively male in origin. The nine sizes
involve three hand length brackets and four hand circumference brackets to cover
approximately 95% of the distribution of male and female hand sizes. The
dimensions hand length and hand circumference were used as key dimensions in
developing the system. The remaining 20 hand dimensions were derived through
use of regression.equations specific to each variable. The equations used the
key dimensions as the independent variables to predict the values for each size
category. In most cases the midpoint values of the key dimensions for each size
category were used in the equatious to generate the design values. The basis
for this maneuver and the exceptions are described in the text,

The proposed nine-size systems resulted from the anthropometric sizing
analysis of proposed six- and ll-size systems., The selection of nine sizes is
felt by the authours to represent the best compromise from the standpcint of
costs, logistics, and fit sensitivity. Details of the background studies are to
be the subject of a future report, The current report, in addition to the basic
design values, presents an outline of the anthropometric sizing process,
information on the statistical derivation and use of sizing values, and copies
of the pertinent printcuts produced by our sizing program for each sex. The
designer may, by study of the information provided, modify the proposed values
or even develop an entirely new system. ‘ ‘
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A NINE-SIZE SYSTEM FOR CHEMICAL DEFENSE GLOVES

INTRODUCTION

The cliche "fits like a glove" may carry the coanotation that the design
and sizing of gloves is an exact science that has long been perfected. However,
in maanual tasks requiring even reasonable levels of dexterity and tactility,
performance by the gloved hand has repeatedly been shown to suffer by comparison
with bare-~handed performance. Ongoing studies at the Armstrong Aerogpace
Medical Research Laboratory (AAMRL) show that this is particularly true of
chemical defense (CD) gloves (Robinette, Ervin and Zehner, in press). For a
given task, the magnitudz of performance deccements depends on the type, style

and quality of fit of the gloves worn.

With the object of improving the quality of fit of chemical defense gloves,
anthropometric sizing techniques were used to develop new sizing systems. A
series of analytical stevs using hand anthropometry from selected U.S. Air Force
(USAF) samples was undertiken to derive design values for a variety of 'important
hand dimensions. Sizing srstems containing from six to ll size categories were
examined with a view towari accommodating approximately 95% of the hand size
variability in the current male/female Air Force population. Results of the
investigation indicate that integrated male/female glove sizing systems using

‘nine size categories appear to offer the best compromise between the costs and

logistics of manufacture and procurement and the need to achieve a desirable

level of fit sensitivity.

Anthropometric design values for two slightly different nine-size programs
are presented. The first provides values related to bare hand dimensions; the
second provides modiZied values which include an increment for gloves to be worn
over typical glove liners. Both may be used to guide the design of three-
dimensional hand forms used in the manufacture of gloves. This report details
the process used in the development of these size systems and provides size-
specific values for 22 hand dimensions and two hand form dimensions. for use by

glove designers.

DEVELOPING AN ANTHROPOMETRIC SIZING PROGRAM

An anthropometric sizing analysis for clothing and personal protective

equipment is based on the concept of dividing the population into subgroups of
individuals who are more or less similar ia certain relevant body size
dimensions and then analyzing the anthropometric data for these subgroups to
arvive at appropriate dimensional design values which will accommodate the size
variability within each group. Specifically, the sequence of steps involved is:

I Selection of the appropriate body of data for analysis,

IT Selection of one or more key or basic sizing dimensions,
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II1 Determination of the range of the key dimension(s) and N
establishment of sizing categories that will adequately R,:ﬂ
accommodate nearly 95% of the population. ,i;:*
; N
IV Development of all other dimensional data to be used in $-.

the design and sizing of the item for each size category.

:, :

Y- G
’
"'I:i .

P,

This approach has proved to bde effective on past occasions (McConville and ?:fq
Alexander, 1975; Robinette, Churchill and Tebbetts, 198!) but no anthropometric :of:
sizing program can be considered completely successful without fit-testing of ol
prototype items. While the first two steps outlined above are usually quite .,
straightforward, the latter two involve some educated but intuitive judgments. };nf
Any discrepancies between the theoretical and the fit of the end product which e
result from these judgment calls can be identified by careful fit-testing. The Bﬁ%?
working data provided in this report for each size category can be used to make NN
needed design and/or sizing modifications if they are indicated. Anthropometric s
fit-testing is therefore recommended as a final "step" in the development of *__
this sizing program. o f
oy

x

-

aaty

SELECTION OF THE SIZING SAMPLE L\L}
. L

The first task is to select an..arpropriate sizing sample. Hand Eﬂ}k
measurements in the major U.S. military anthropometric surveys are generally few ijij
in number. In examining holdings in the AAMRL anthropometric data bank e
(Churchill, Rikta and Churchill, 1977), it was found that the numbers of hand RSN
dimensions, including wrist circumference, measured in the larger Air Force (AF) Y
surveys were as follows: y
L

. N

Men Women ‘ ‘ ::j:

, VNN
1950 AF Flyers . . . . . 11 1968 AF Women . . . . 4 hASKN

1965 AF Personnel. . . . 8 ‘ | I

1947 AF Flying Personnel 8 :}:::

AT

: e

These are too few variables to receive serious consideraticn for use as a sizing A
base, and even this number would not be available for analysis because nf the VA
requirement that only those which appear in both male and female studies and | S
are comparably measured in both can be used in a sizing analysis. 1iIn addition, NN
little, if any, data are provided to describe finger size which is considered to RSy
be vital to the development of any glove sizing prograa. ﬁ:?

The only data known to include the desired 1isting‘of variables are those

reported by Garrett (1970a, 1970b) for Air Force men and women, Although the o
samples were relatively small (n=148 and 211 for the men and women, respec- [BUN
tively) a total of 56 dimensions was reported. The measurement methods employed ;}?{
in these surveys are described in the publications referenced above. “{::
N

. PN

Carrett concluded that his samples adequately reflected the hand-size f{(b
distributions of Air Force personnel as the result of a comparison of his means L:;
T
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and standard deviations with those obtzined in the much larger USAF surveys. A "\':..f*
similar comparison is shown in Table 1. ':31:;:
| - el

®-..
TABLE 1 :g:‘g;u

P )
COMPARTSON OF SELECTED GARRETT VALUES ;.«ﬁw"ﬂ
WITH MAJOR AIR FORCE SURVEY VALUES ,r‘;f )

(values in inches) .

GORG:
Dy
.\"_ -)'.
Garrett 1968 AF Women ONN
(n=211) (n=1905) Tatala
Dimensions Mean SD Mean SD Diff.* iw____-
A et
‘.':‘.’:\l
Hand Length 7.06 0.3 7.26  0.38 -0.18 NN
Hand Circ 7.37  0.33 7.21 0.36 0.16 AR
Hand Breadth 3.06 0.15 2.97 0.15 0.07 NP
[ R
B
MALES NG
it
Garrett 1965 AF Men RN
(n=148) (n=3869) RV
Hand Length 7.76 0.37 C7.74 0 0:39 0.02 »
Hand Circ 8.50 0.35 8.46  0.41 0.04 RSy
Hand Breadth  3.53 0.16 3.49 0.19 0.04 RSN
‘ RO
ALY
O

* Garrett's mean value minus major survey mean value.

R

As a subset of the 1968 Air Force women's survey, Garrett's females were N
selected to provide a distribution similar to that observed in the larger RN
population. However, the smaller population appears to be slightly shi‘ted o
toward shorter hand lengths, larger hand circumferences and larger hand "
breadths., These differences should have no undue effect in practical [ Y-
application. There are no significant differences (@ = .0l) betwsen the Garrett DN
males and the 1965 USAF males for hand length, circumference or breadth. :::.\:::;

Y

Although very few hand dimensions were measured in the ma jor USAF surveys, :::\:‘:\':
the data were used in the sizing analysis in several ways: they influenced the L
choice of key sizing dimensions (Step II), and they were used to study the basic _‘?"‘
hend size distribution of USAF personnel and to establisu the size categories A 1
(Step 1III). These ‘tlarge-survey dsta were also used to arrive at tariff - o
estimates--that is, J.umbers of each size required (see Procurement Tariff). \:
Lecause the 1965 survey represents the best sampling of Air Force male CD glove ,x::-.;'_ij
users, it and the 1968 Air Force women's survey were selected for use in this et
analysis. : e

\'" ‘." O\
R
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The emaller Garrett surveys, with their wezlth of hand dimeaneions, were
used to develop the actual design data (Step 1IV). Hence, these samples
represent the sizing data base. Of the 56 dimensions available in the base
studies, 18 deemed most useful to glove designers were selected for the final
sizing analysis. These are illustrated in Figure l. Also shown in Figure 1l are
four curved-finger dimensions (19-22) adapted from the original data (see
Appendix A), and two additional dimensions (23,24) rtaken from the current
Departmeat of Defense hand form.

SELECTION OF KEY DIHENSfONS

The selection of one or more key (sizing) dimensions 1involves both
practical and statistical considerations, both of which played a part in
selecting hand length and hand circumference (measured at the metacarpal-
phalangeal joint) for the glove sizing asystem p:resented here. On the practicsil
side, key dimensions which are used to determine what size ad iadividual will
wear should be measuremeats which are easily taken aand reliably repeatable. The

, object is to make it as simple as possible to assign sizes after the gloves are

developed. Hand length and hand. circumference meet this requirement, and were
available in all four of the surveys which were used in the analysis: Garrett's
(1970a and 1970b) female and male studies, and the major 1965 (Kennedy, 1986)
and 1968 (Clauser et al., 1972) surveys. In addition, statistically, these
variables in combdination have a strnng relationship with most of the other

important variables of interest, which is an important attribute of sizing.

dimensious.

ESTABLISHMENT OF SIZING INTERVALS

The number of sizes required to accoumodate 90-95% of a given population iu
controlled . in large measure by the Yoy dimension intervals--that is, the
differences between sizes. There is uo clear~cut rule to jovern the magnitude

'of the intervals selected; however, as with key dimension seleciir.a, both

practical and statistical aspects must receive coasideration.

Fest glove sizing systems using hand length and hand circumference as key
dimensions have used various interval ranges (Barter and Alexander, 1956), but
no previous system integrated the range of variaticn in male and female hands
into a single sizing system. The totel range of variation for a given dimension
is not doubled by inclusion of botb 3exes in the system; however, if the same
intervals used in previous male-only sizing systems were used for an integrated
systam, an impractically large number of sizes would probably be indicated.

A variety of schemes, ranging from sir to 1l sizes, was examined. The key
dimension intervals per size category which were tested ranged from 0.25 to 1.0
inch/size for lengrh, and from 0.40 to 1.5 inch/size for circumference. Details

‘of this investigation and other tecknical information regarding aizing analysis

in general are to be the subject of a future report.

Ultimately, a nine-size program, incorporating 0.75-inch intervals for both
hand length and hand circumference, was selected tc be the optimum choice with
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1

2

3 Digit
4 Digit
5 Digit
6 Digit
7  Digit
8 Digit
9 Digit
10 Digit
11 Digit
12 wrist

Hand Circumference at Metacarpale
Hand Breadtlh at Metacarpale

Joint Circumference*

2

3
4
5
2
3
4
5
c

Distal Joint Circumference*
Diszal Joint Circumference*
Distal Joint Circumference*
Distal Joint Circumference*
Proximal Joint Circumference*
Proximal Joint Cfrcumference*
Proximal Joint Circumferenca*
Proximal Join& Circumference*
ircumference

* Digit circumferences were not directly measured in the sizing
bagse samples. Values were calculated from the depth and
breadth measurements at the joint centars using the formula:

a® + b2
C ZwW/ 7

where a and b equal one half the depth and breadth valuee,

Crotch 1 Height
Crotch 2 Height
Crotch 3 Height
Crotch 4 Height

. Digit 1 Tip-Crotch

Hand Length

Figure 1, Dimensions used for the glove sizing system.
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L8N80

’u\

<’
2
i
'
"4
-a
.d

19

Digit 2 Tip-~Crotch

20 Digit 3 Tip~Crotch .
21 Digit 4 Tip-Crotch
22 Digit 5 Tip-Crotch
[
23 Base Circumference
24 Total Length
24
23 A 4
Figure 1. <({cont'd)
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regard to both practical consideration and good fit. The size categories are as
follows:

Hahd Hand
Size Name Symbol Length Range Circumference Range

(inches) (inches)
1  Short Small ss 6.50-7.25 6.50-7.25
2 Short Medium SM " 6.50-7.25 7.25~-8.00
3 Short Large SL 6.50-7.25 8.00~-8.75"
4 Regular Small RS 7.25-8.00 ' 6.50~7.25
5 Regular Medium RM 7.25-8.00 - 7.25<8.00
6 Regular Large RL 7.25-8.00 8.00~-8.75
7 Regui-r X-Large RXL 7.25-8.00 8.75<9.50
8 Long Large LL 8.00-8.75 8.00~8.75
9 Long X-Large LXL 8.00-8.75 8.75~9.5G

Theses same size categories are depicted in the simplified diagzam of the
sizing system presented in Figure 2. The numbers in each box represent the
numbers of U.S. Air Force men and women from the two major surveys whose hands
fall in that particular size category. The aumber of individuals per size is
determined by computer analysis (sizing program) of these surveys, and forms the
basis of the estimated tariffs (see Procurement Tariff).

With very few exceptions, women have hand dimensions which fall in the four
smaller sizes, while men predominate in the remsining larger ounes. The only
significant male~female overlap in key dimensions occurs in the Short Medium and
Regular Medium size categories.

DEVELOPMENT OF DESIGN DATA .

With the selection of the key dimensions and size categories, the next step
was to establish values for the other dimensions to be incorporated into the
design. This was done by treating all the individuals in the sizing base
samples who fell within the limits of a given size category as a subsample, and .
computing the descriptive statistical values for each size from the ‘key
dimensionsal brackets defining this subgroup. Design values for the 22 hand
dimensions were then developed from these descriptive statistics.

Since individuals within a single size category are generally not
distributed normally--tending to cluster toward the mean of the total sample--
statistical procedures for obtaining design values are modified accordingly (see
Appendix A). For the current system, three basic length categories (Short,
Regular, Long) and four circumference categories (Small, Medium, Large, X-Large)
give the following midpoint values: :

13

.....



‘uswom pue usw 90104 ITY 10J yi3uay puey pue ayediedejsuw e

30U IDJUNDITO puURY 03 S22zfSs 3A01° auTu a3yl jo dyysuojaeyay -z 2an3dy14
(s3your) (VIdW) FONTYAIHNDYID ANVH
$°6 0°6 $°8 0°8 Sy 0°L S"9
1 i 1 1 1 I L 1 L 1 1 1 I 1 T
AV G961 = KW
- dvM 8961 = 4
Jurod 3T =R c8l = K
~ptuw £108538D = = g1 = € =K
- T ¥ 9 = d gZ€ = d 9¢9 = d
f * * *
i 1s Ws SS
S0% = KW YTLT = H <Yt =K T =K
N 0 =14 91 = 4 8% = 4 66¢C = 4
* * * *
-
XY ik Wy sy
T
96€ = W 66% = K
N 0 =4d ¢l =4
* *
-
IX7 11
b
-
1 1 | L | 1 1 1 i } | 1 L 1 1

YNNI NN P

59

07t
=
=]
=
g2}
=z

st g
ol
-
oo}
o
~

0°g x

sTe

0°6

14

JIRPAPIESIUCY. TRATURRARY FCRION




¥ AL

|

-
)
‘s

£ RERRB AL P

.

.
LI W P

N A

. -
&

SOOI L

COLCM O LANAY VIO L%l o, (e ol BRI Fr SIS

AN S

. »

Size Hand Length Hand Circuafsrence
(inches) (1nches)
Short Small " 6.88 5.88
Short Medium 6.88 7.63
Short Large . 6.88 8.38
Regular Small 7.63 6.88
.Regular Medium 7.63 7.63
Regular Large ©7.63 8.38
Regular X~Large 7.63 i 9.13
Loug Large ' - 8.38 : 8.38 '
Long X-Large : 8.38 : 9.13

To spread the distribution more evenly in each size category, so-called

‘"MID=-SIZE VALUES" are computed by the sizing program from multiple regression

equations for each of the other variables usxng the above size category
midpoints as predictors. '

In order to assist in developing the final design values, the sizing
program also computes additional statistical values. A modified standard
deviation, called che within-a-size standard deviationm (8zSD), is computed to be
used with the MID-SIZE VALUE, much as a standard deviatiom is applied to a mean
in normal distributiona. A combination of the MID-SIZE VALUE plus or minus
units of the SZSD, then, enables designers to estimate how small and how large
to expect persons to be for a particular dimension withia a particular size and
aestablishes the adjustabilicy which will be necessary to accommodate mort
persons whose measurements indicate that size. The values thus generated,

" termed the RANGE TO BE ACCOMMODATED, specify the range of variation for each

hand dimension likely to have to be accommodated within a given size category.
The methods of derivation of the various sizing values are described in Appendix
A. Since the data for males and females were analyzed separately, copies of the
siziog program printouts for only the pertinent size categarzes for each sample
are provided in Appendix B.

In both sizing systems, the hand lengths of subjects who fall iato che
Short Medium (SM) size category, for example, rauge from 6.52 inches to 7.23
inches (MIDSIZE + 1.65 .S2-5D). This is the RANGE TO BE ACCOMMODATED for that
dimension in that size, The designer or patternmaker, of course, requires a
single design value rather than a range of values for the actual fabrication of
a garment. Design values are often chosen from the. top aof the range on the
theory that smaller persons can, if necessary, wear larger garments, but larger
persons cannot be accommodated by garments that are too small. In the case of
chemical defense gloves, however, saugness is very important since a loose-
fitting glove is likely to decrease job performance and its wearer risks getting
caught in machinery. In addition, the ctretchy materials used in these gloves
should enable persons with hand gizes in the upper range of the size category to
wear them. For these rteasons all but one of the values gselected as design
values were MIDSIZE VALUES. The exception was wrist circumference. For this
dimengsion snugness is not as critical as it is for the other dimensions; what is
more important is that sufficient room is allowed for donning and doffing the
gloves. In this case, the values at the upper end of the RANGE TO BE
ACCOMMODATED {(within each size) were used, ’
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As indicated above, the sizing base data for females were used to estahlish
design values for the smaller 'female" sizes (RS and SS), while the male data
were used for the larger longer '"male" sizes. 1In order to faciiitate selection
of the design values for the integrated Small Medium and Regular Medium sizes, a
table was developed which includes the original MIDSIZE VALUES generated by the
sizing program for the males and females, the differences between these values
(A), and the 8SZSDs. This information for 22 variables (including key
dimensions) is given in Tablc 2. Examination of the tablaz indicates that where
males and females are in the same size category for a given dimension, the
predicted values differ by less than 0.20 inch ian a wmajority of cases.
Similarly, the 5ZSDs give little indication of a differeace in variability. Any
integrated values selected from between these predicted MIDSIZE VALUES would
fall well within the range of aormal design tolerances. As a result of this
analysis, male survey r.gression equations were uscd to arrive at design values
for the two integrated sizes on the grounds that predicted male dimensioas in
these two gize categories appeared to be nesarly the same as those predicted from
the female dimensions.

Table 3 gives the values for the design of hand forms for gloves to be worn
over the bare hands. With the exceptious noted above, the values are the same
as the MID-SIZE VALUES/size category presented in Appendix B.

The sizing values in Table 4 are for hand forms 'for gloves intended to be
worn over glove liners, Since the gloves to be made from these forms are
intended to be worn over a fabric glove liner, increments of thickness were
added to the bare hand values to accommodate these liners. Two such liners were
measured: the currently usad Air Force gaunilet style and an experimental Army
knit type. These measures established a thickness of approximately .04 inch (1
mm) for & single layer of material. The incremencs added took into account the
amount of material which would affect the messure. For hand breadth .08 inch
was added since material would fall between the glove and the bare hand on both
sides of the hand. For the circumferences, an increment of .25 inch was added.

This value was derived as follows:

Bare Hand Circumference = 27r

bare Hand + Liner Circ = 2n(r + .04)

Bare Hand + Liner Circ = 27r + 27(.04)

Bare Yand + Liner Circ = Bare Hand Circ + 27(.04)
Bare Hand + Liner Circ = Rare Hand Circ + .25

The bare hand circumference equation above is the equation for the
cizcumference of a circle with radius r. Since the increase should be approxi-
mately uniform, this representation should be accurate. The increase in
thickness is then represented by adding .04 to r. '

For length measures, the increments added varied depending. upon the start
and end points for the measure. For crotch height .04 was added, since material
underlies the dimension at only one point (the finger crotch or tip, but not the
wrist). For the digit lengths, material underlies the dimensions at both ends;
hewever, there is a counteractive effect, so dimensions are displaced but uot
changed. This displacement will be accounted for by the crotch heights,

16




TABLE 2

VARJATION IN MIDSIZE VALUES FOR MALES AND FEMALES
FOR SIZES TO BE INTEGRATED

Values in inches

(Male minus Female = A)

* See Figure 1 for full names of dimensions.

Jrde

Not adjusted for curvature as in Tabie ] and Table 4.

17

: SHORT MEDIUM (SM) REGULAR MEDIUM (RM) S28D
DIMENSIONS* M "~ F A M F A M/F
1 Hand Circ Meta 7.63)| 7.63 .00 7.63 7.63 .00 .22/.22
2 Hand Breadth, Meta 3.18 3.12 .06 3.191 3.16) - .03 CW11/.011
3 Digit 1 Joint Circ | 2.442.26] .18 2.52| 2.29{ .23 13/.11
4 Dig 2 Det Jat Circ 1.90} 1.80 .10 1.95 1.81 .14 .11/.09
5 Dig 3 fat Jnt Circ 1.91} 1.81 .10 1.96 1.81 .15 .11/.09
6 Dig » Dst Jat Circ .1.86 1 1.71 .13 1.86 1.71 15 .11/.08
7 Dig 5 Ds: Int Cire 1.651 1.56 .09 1.68 1.56 .12 .12/.08
8 Dig 2 Pr Jnt Circ 2.30) 2.17 .13 2.36 2.29 .16 .12/.10
L Dig 3 Pr Jat Circ 2.3} 2.21 .13 2.43 2.24 .19 .13/.10
10 Dig 4 Pr Int Circ . 2.171 2.05 .12 2.27 2.08 .19 .12/.09
11 Dpig 5 Pr Jnt Circ 1.89]1.79 . .10 1.97 1.83 .14 .12/.09
12 wrist Cire 6.14 | 6.01 .13 6.29 6.13 .16 .28/.22
13 Crotch 1 Height 2.331 2.15 .18 2.58 2.46 .12 .20/.20
14 Crotch 2 Height 3.8713.77 .10 4.28 4.18 10 17/.19
15 Czsich 3 Height 3.83] 3.76 .07 4,21 4.15 .06 W 177019
16 Crotch 4 Height 3.46§ 3.3 .12 3.74 3.2 .02 .16/.20
17 Digit 1 Tip-Crotch 2.091} 2.05 04 2.32 2.3 .01 .16/.15
18 Hand Length 6.88 1 6.88 .00 7.63 7.63 .00 .22/.22
H Digit 2 Tip-Crotch** | 2.65 | 2,67 -.02 2.85 2.94 -.09 .15[.17
20 Digit 3 Tip-Crotch** | 2.96| 3.0l -.05 3.29 3.31 -.02 .15/.16
21 Dpigit 4 Tip-~Crotch** | 2,80 | 2.81 -.01 3.08 3.11 -.03 Jd4/7.17
22. Digit 5 Tip~Crotch** | 2.11 ] 2.12 -.01 2.32 2.32 .00 .16/.15
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TABLE 3

DESIGN VALUES FOR GLOVES TC BE WORN OVER BARE HAaNDS
. (units are inches)

DIMENSIONS* SHORT-SMALL | SHORT~-MEDIUM*Y SHORT-LARGE

1 Hand Circ, Meta 6.88 7,63 8.38

2 Hand Breadth, Meta 2.84 3.18 3.47

3 Digit | Joint Circ 2.09 2.4% 2.57

© 4 Digit 2 Dst Jnt Circ 1.67 1.90 2.02

5 Digit 3 Dst Jnt Circ 1.67 1.91 2.04

6 Digit 4 Dst Jnt Circ 1.58 1.84 1.96

7 Digit 5 Dst Jut Cire 1.44 1.65 1.77

8 Digit 2 Pr Jant Circ 2.02 2.30 2.43

9 Digit 3 Pr Jnt Circ 2.07 2.34 2.47

10 Digit 4 Pr Jnt Circ 1.93 2.17 2.29
11 Digit 5 Pr Jat Circ 1.68 1.89 2,01
12 Wrist Cirpc *¥* 5.97 6.61 7.i0
13 Crotch 1 Height 2.22 2.33 2.38
14 Crotch 2 Height 3.79 3.87 3.87
!5 Crotch 3 Height 3.77 3.83 3.83
16 Crotch 4 Height 3.33 3.46 3.49
17 Digit 1 Tip~Crotch 2.05 2.09 2.04
18 Hand Length t 6.88 6.88 6.88
19 Digit 2 Tip-Crotch t1 2.50 2.56 2.61
20 Digit 3 Tip-Crotch tf  2.97 2.98 2.99
21 Digit 4 Tip-Crotch 14 3.01 2.99 3.02
22 Dagzit 5 Tip~Crotch 1t 1.84 1.92 1.96
2, Base Circumference 13.00 13.00 13.00
74 Total Length 17.50 17.50 17.50

* See Figure 1 for full names of dimensions.

** Integrated size (male data base).
*** Within-size 95th sercentile used (MID-SIZE + 1.65 SzSD).

t Because the hand forms are designed with fingers somewhat curved,
hand length remsins as a key dimension for purposes of establishing
size categories and calculating other design dimensions, but is not
itself a Jdesign dimension in this sizing program.

tt Adjusted from data base MIDSIZE VALUES to allow for curvature

{see Appendix A).
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TABLE 3 ¢ ont'd)

DIMENSIONS* - REG.-SMALL REG.-MEDIUM** | REG.~LARGE
1 Hand Circ, Meta 6.88 7.63 8.38
2 Hand Breadth, Meta 2.87 3.19 3.48
3 Dpigit 1 Joint Circ 2.13 2.52 2.64
"4 Digit 2 Dst Jat Circ 1.68 1.95 2.07
5 Digit 3 Dst Jnt Circ 1.68 1.96 2.10
6 Digit 4 Dst Jat Circ 1.58 1.86 1.98
7 Digit 5 Dst Jnt Cire 1.44 1.68 1.80
8 Digit 2 Pr Jnt Circ 2.06 2.36 2.50
9 Digit 3 Pr Jnt Circ 2.10 2.43 2.56
10 Dpigit 4 Pr Jat Circ 1.96 2.27 2.38
11 Dpigit 5 Pr Jat Circ 1.72 1.97 2.09
12 Wrist Circ #*% 6.08 6.76 7.25
13 Crocch 1 Height 2.53 2.58 2.63
14 Crotch 2 Height 4.20 4$.28 4,28
15 Crotch 3 Height 4.17 4,21 4,21
16 Crotch 4 Height 3.72 3.74 .77
17 Digit 1 Tip-Crotch 2.32 2.32 2.27
18 Hand Length t 7.63 7.63 7.63
19 Digit 2 Tip-Crotch 't 2.74 2.73 '2.80
20 Digit 3 Tip-Crotch t1 3.31 3.33 3.35
21 Digit 4 Tip-Crotch {1 3.36 3.32 3.33
22 Dpigit 5 Tip-Crotch t# . 2.0l 2.08 2.15
23 Base Circumference 13.00 13.00 13.00
24 Total Length 17.50 17.50 17.50

* See Figure 1 for full names of dimensions.
** Integrated size (male data base).
*** Within~size 95th percentile used (MID--SIZE + 1.65 SZSD).

t Because the hand forms are designed with fingers somewhat curved,
hand length remains as a key dimension for purposes of establishing
size categories and calculating other design dimensions, but is not

itself a design dimension in this sizing prograa. _
tt Adjusted from data base MIDSIZE VALUES to allow for curvature
(see Appendix A).
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TABLE 3 (cont'd) g-: .
DO
.
DIMENSTIONS* REG.~-XLARGE LONG-LARGE LONG-XLARGE &‘ ;ﬂ
R Jare
oS
1 Hand Circ, Meta 9.13 8.38 9.13 RGGS
~ 2 Hand Breadth, Meta 3.77 3.49 3.78 ?‘_}“'
3 Digit 1 Jnt Circ 2.76 2.71 2.84 \‘;;:i
4 Digit 2 Dst Jnt Circ 2.20 2.13 2.25 '.
5 Digit 3 Dst Jnt Circ 2.23 2.15 2.29 :::;:,—:
hey
6 Digit 4 Dst Jant Circ 2.09 2.00 2.12 o
7 Digit 5 Dst Jut Cire|  1.93 1.83 1.95 ol
8 Digit 2 Pr Jat Circ - 2.63 2.56 2.70 R
9 Dpigit 3 Pr Jnt Circ 2.69 2.65 2.78 By )
10 Digit 4 Pr Jat Circ 2.50 2.48 2.59 .
poN|
11 Digit 5 Pr Jat Circ 2.22 2.17 2.30 ;::-:’
12 Wrist Circ #e* 7.74 7.40 7.89 ¥
13 Crotch 1 Height 2.68 2.88 2.93 RSO
14 Crotch 2 Height 4.27 4.68 4.68 Gl
15 Crotch 3 Height 4.21 4.59 4.59 g?
Y -Q J
“I\...’
16 Crotch 4 Haight 3.80 4,05 4,08 ;.::‘}:\
17 Digit 1 Tip-Crotch 2.23 2.51 2.46 SN
18 Hand Length t 7.63 8.38 8.38 -\"-’
19 Digit 2 Length tt 2.88 2.98 3.05 e
20 Digit 3 Length tt 3.36 3.69 3.71 ~
.',:-,:
21 Digit 4 Length t1 3.35 3.67 3.69 o
22 Digit 5 Length ft 2.22 2.32 2.38 Ry
e
23 Base Circumference 13.00 13.00 13.00 ;"f"f
24 Total Length 17.50 17.50 17.50 ey
oY
See Figure 1 for full names of dimensions. :,.e.\j
Within-size 95th percentile used (MID-SIZE + 1.65 SZ¢D). ':w;:\j
Because the hand forms are designed with fingers somewhat curved, PN
tand length remains as a key dimension for purposes of establishing ,.(?,!;
size categories and calculating other design dimensions, but is not ‘:‘.:-',:J.
itself a design dimension in this sizing program. R
Adjusted from data base MIDSIZE VALUES to allow for curvature ’j
(see Appendix A). AT
AN
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TABLE 4 %{ 3
K4 ]
SIZING VALUES FOR GLOVES TO BE WORN OVER LINERS y:-_f-*;
(units are inchea) tﬁ*iﬂ
NN
DIMENSIONS* SHORT-SMALL | SHORT~MEDIUM** | SHORT-LARGE - :'.%i‘g ,
, wadh
Hand Cirec, Meta 7.13 7.88 8.63 ;ﬁf{
Hand Breadth, Meta 2.92 3.26 3.55 q
Digit 1 Joint Circ 2.34 2.69 2.82
Digit 2 Dst Jnt Circ 1.92 2,15 2.27 o -
pigit 3 Dst. Jnt Circ 1.92 2.16 2.29 R
: L
Digit 4 Dst Jnt Circ 1.83 2.09 2.21 el
Digit 5 Dst Jnt Circ 1.69 1.90 2.02 it
Digit 2 Pr Jat Circ 2.27 2,55 2.68 EALE
'Digit 3 Pr Jnt Circ 2.32 2.59 2.72 o
Digit 4 Pr Jnt Circ 2.18 : 2.42 2.54 N
' :LA'_'.\J
Digit 5 Pr Jat Circ 1.93 2,14 2.26 =
Wrist Circ #ix 6.37 . 6.86 7.35 e
Crotch 1 Height 2.26 2,37 * 2.42 -o":
Crotch 2 Height 3.83. 3,95 4.24 e
Crotch 3 Height - 3.81 3.87 3.87 -',:ﬁ;;:
‘ ’ Tt
Crotch 4 Height 3.37 3,50 3.53 - ;i':i:::
Digit 1 Tip~-Crotch 2.05 2409 2.04 .;:\{g
Hand Length t 6.92 6.92 6.92 bl
Digit 2 Tip-Crotch t1 2.50 2.56 2.61 - e
Digit 3 Tip-Crotch t1 2.97 2.98 2.99 B
‘ e
Digit 4 Tip-Crotch t 3.01 2,99 3.02 N
Digit 5 Tip-Crotch tf 1.84 1.92 1.96 -:.;:',‘;;;
! bl
Base Circumference 13.00 13{00 13.00 ?ﬁﬂq
Total Length 17.50 17,50 17.50 SE
| b
| N
see Figure 1 for full names of dimensions. | ?;:b

Integrated size (male data base). | -
Within-size 95th percentile-used (MID-SIZE + 1.65 SZSD). ' gw
Because the hand forms are desigzned with Ei@gers somewhat curved, S
hand length remains as a key dimension for purposes of establishing
size categories and calculating other design dimensions, but is not
itself a design dimensiom in this sizing program.

Adjusted from data base MIDSIZE values to a#low for curvature (see
Appendix A). ;
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TABLE 4 (cont'd)

DIMENSIONS* REG.-SMALL REG.-MEDIUM** | REG.-LARGE
1 Haad Circ, Meta 7.13 7.88 8.63
2 Hand Breadth, Meta 2.95 3.27 3.56
3 Digit 1 Joint Circ 2.38 2.77 2.89
4 Digit 2 Dst Jnt Circ 1.93 2.20 2.32
5 Digit 3 Dst Jnt Circ 1.93 2.21 2.35
6 Digit 4 Dst Jnt Circ 1.83 2.11 2.23
7 Digit 5 Dst Jnt Circ 1.69 1.93 2.05
8 Digit 2 Pr Jnt Circ 2.31 2.61 2.75
9 Digit 3 Pr Jat Circ 2.35 2.68 2.81
10 Digit 4 Pr Jnt Circ 2.21 2.52 2.83
11 Digit 5 Pr Jat Cire 1.97 2.22 2.3
12 Wrist Circ *%%* 6.52 6.51 7.50
13° Crotch 1 Height 2.57 2.62 2.67
14 Crotch 2 Height 4.24 4.32 4,32
15 ‘Crotch 3 Height 4,21 4.25 4.25
16 Crotch 4 Height 3.76 3.78 3.81
17 Digit 1 Tip~Crotch 2.32 2.32 2.27
18 Hand Length t 7.67 7.67 7.67
19 Digit 2 Tip~Crotch tf 2.74 2.73 2.890
20 Digit 3 Tip~Crotch t1 3.31 3.33 3.35
21 Digit 4 Tip-Crotch t4 3.36 3.32 3.33
22 Digit 5 Tip-Crotch 11 2.01 2.08 2.15
23 Base Circumference 13.00 13.00 13.00
24 Total Length 17.50 17.50 17.50

* See Figure 1l for full names of dimensions.
** Integrated size (male data base).
*** Within-size 95th percentile used (MID-SIZE + 1.65 SZSD).

t Because the hand forms are designed with fingers somewhat cur
hand length remains as a key dimension for purposes of establi.
size categorles and calculating other design dimensions, but ia not
itself a design dimension in this sizing program.

TT Adjusted from data base MIDSIZE values to allow for curvature (see

Appendix A).
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TABLE 4 (cone'd)

DIMENSIONS* REG.-XLARGE LONG- _ARGE LONG-XLARGE
1 Hand Cire, Meta 9.38 8.63 9.38
2 Hand Breadth, Meta 3.85 3.57 3.86
3 Digit 1 Joint Cire 3.01 2.96 3.09
4 Digit 2 Dst Jat Circ 2.45 2.38 2.50
5 Digit 3 Dst Jnt Circ 2.48 2.40 2.5
6 Digit 4 Dst Jat Circ 2.34 2.25 2.37
7 Digit 5 Dst Jnt Circ 2,18 2,08 2.20
8 Digit 2 Pr Jnt Circ 2.88° 2.81 2.95
9 Dpigit 3 Pr Jat Circ 2.94 2.90 3.03
10 Digit 4 Pr Jnt Circ 2.75 2.73 2.84
11 nigit 5 Pr Jnt Cire 2.47 2.42 2.55
12 Wrist Cirg %% ' 7.99 7.65 8.14
13 Crotch 1 Height 2.72 2.92 2.97
14 Crotch 2 Height 4.31 $.72 4,72
15 Crotch 3 Height 4.25 4.63 4,63
16 Crotch 4 Height 3.84 4.09 4.12
17 Dpigit 1 Tip-Crotch 2.23 2.51 2.46
18 Hand Length ? 7.67 8.42 8.42
19 Digit 2 Tip-Crotch t 2.88 2.98 3.05
20 Digit 3 Tip-Crotch t4. 3.36 3.69 3.71
21 Digit 4 Tip-Crotch tf 3.35 3.67 3.69
22 Dpigit 5 Tip~Crotch 11 2.22 2.32 2.38
23 Base Circumference 13.00 13.00 13.00
24 Total Length 17.50 17.50 17.50

* See Figure 1 for full names of dimensions.
**% Within-size 95th percentile used (MID-SIZE + 1.65 S2ZSD).
t Because the hand forma are designed with fingers somewhat curved,

hand length remains as a key dimension for purposes of establishing
size categories and calculating other design dimensions, but is not

" itself a design dimension in this sizing program.

tt Adjusted from data base MIDSIZE values to allow for curvature (see

Appendix A).
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Procurement Tariff

Using the per size category numbers of females and males as computed from
the 1968 Air Force women and 1965 Air Force men survey samples (see Figure 2),
estimates of ‘the number of persons in the total Air Force population who would
wear each size is presented in Table 5. These estimates are weighted based upon

an Air Force comprised of 157 females aand 85% males.

ESTIMATED TARIFF FOR THE NINE-SIZE SYSTEM

Size

SHORT

1.
2.
3.

MEDIUM

A,
5.
6.
7.

LONG
8.
9.

Small
Medium
Large

Small
Medium

.Large

X-Large

Large
X~Large

TABLE 5

Pairs of Gloves per 1000
Air Force Population

TOTAL

25
117
388

91

113
89

1000

\...
e,
R

4
g

hY
[
Pl A

5u<ﬁﬂff.i

7,
s

‘),5,'3 e W w
b ‘:.‘.I‘-I‘:’ ‘
t, (..".,\ 'y
. LAF N WA

L7
o, L

.
>
. s
Lot Ot




APPENDIX A

METHODS AND PROCEDURES
FOR COMPUTATION AND USE OF SIZING VALUES

The design values for 22 of the 24 variables listed in the text (Table 3
and Table 4) derive from the statistics compiled from the Garrett male and
female samples via a computerized sizing program. Copies of the printouts which
provide sizing data for all 22 hand dimensions are presented in the tables in
Appendix B. Printoucs are included only as they apply to.the source of the
final design values-~that is, female sample data for sizes SHORT-SMALL and
REGULAR SMALL; male sample data for all others including the "integrated" sizes
'SHORT MEDIUM and REGULAR MEDIUM for which the nale values were adopted. A
oumber of the statistical parameters which appear on the tables were briefly
discussed in the text; however, in order to enable efficient use of the

information, some additional description is needed. It is assumed that the .

reader is familiar with many of the basic statistics which are not exclusive ta
sizing applications -- mean, standard deviation, standard error, and correlation
coefficient, for example. The paragraphs below describe briefly how these
statistics are applied to the sizing data preseated.

The complete sample statistical information for each of the hand dimensioons
selected from Garrett’s data is presented in Table A-1 and Table A-2 for the
female and male samples, respectively. Following the name of each dimension,
the tables give the arithmetic wean value (MEAN), standard deviatiom (SDV),
standard error of the estimate (SE-EST), and a special standard error related to
sizing usage (SZ-SE, calculated from the SE-EST). Next, the tables give the
_ corrylation coefficient values (R) relating hand circumference at metacarpale
[R(X)] &nd hand length [R(Y)] to each variable, the multiple correlsCion
(MULT~R) which considers the relationship of X and Y combined to each variable,
and the regression equatioans (THE ZQUATIONS). The R values are the product
mcment correlation coefficients (usually identified as r), the mathematical
derivation of which may be found in most statistics textbooks. The R values
quantitate the degree of interrelationship between the key dimensious (X and Y)
and each of the other hand dimensioans individually such that a perfect
correlation equals 1.000 and no correlation ejuals 0.000. The values may be
positive (for example, R = +1,000 means that the variables increase or decrease
exactly together), or negative (for example, R = -0.600 implies that one
variable ®.icreases as the other decreases). The MULT~R considers the combined X
and Y relationsh’p with the dimensinn and is calculated directly from the simple
R values without additional reccurse to the original data.

Along with the means and s(indard deviations, the correlatioca coefficients
provide the unecessary informat’un for computing the multiple regressions which
are of the linear, least squares type. The equations take the form Z = AX + BY
+ C where: .

Z = predicted value for a specific dimension
X = hand circumference, meta (key dimension)
Y = hand length (key dimension)
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A = weighting coefficient (slope) for X
B = weighting coefficient (siope) for Y
C = constant (intercept)

The equations, which are calculated on the bagis of the totzl sample n,
permit pradiction of an average value for each dimension at selected values of X
and Y. The SZ-SE value is the error term for each equation and identifies the
amount of variation in size to be expected about the predicted value. For
example, if one wished to predict hand breadth (variable #2) when hand
circumference (X) = 6.88 inches and hand length (Y) = 6.88 inches (MIDSIZE
VALUES), the regression for females would be: ‘

Hand Breadth, Metacarpale = ,380X + .042Y ~ .064

Hand Breadth, Metacarpale = ,380 x 6.88 + .042 x 6.88 - .064

Hand Breadth, Metacarpale = 2.84 inches (See SHORT SMALL MIDSIZE VALUE
for females, Table B-1)

The SZ-SE for the regression equals .105; therefore, the actual hand preadth
would likely fall between 2.74 and 2.95 inches two-thirds of the time.

Using the information contained in Tables A-l and A-2, the program computes
the sizing data for each size category using a standard format. Tables B-1 and
B-2 present the sizing data for the two size categories (SHORT SMALL and REGULAR -
SMALL) which used the basic female data for input in the selection of the final
design values. Tables B-3 through B-9 provide the comparable per-size category
data from the male sample which was used for the other sizes. Each table lists
the range (interval) for the key dimensions as they relate to the size category
specified, the aumber of individuals from the total sample (n) assigned to the
category, and the percentage of the total sample that this number represents
(TARIFF PERCENTAGE). Below, the sizing data for each dimension (named and
numbered) are listed for the category.

The statistical method most cowmonly used to describe the range of values
in a given group of normally distributed data involves the derivation of the
mean (X) value to which multiples of the standard deviation (SD) are added or
subtracted. The normal distribution curve in Figure A-1 illustrates the
magnitude of the range covered by various multiples (plus or minus) of the SD.
For sizing purposes, however, this approach must be somewhat modified since
dimensional data divided into size categories are not necessarily aormally
distributed. Typically, the data are weighted toward the center of distribution
of the total sample. To overcome this problem, the sizing program uses the
midpoint of the key dimensional intervals for each size to calculate a MID-SIZE
VALUE estimate of central tendency from the appropriate regression equation for
each variable.

The category midpoint values of the key dimensions are listed in the text

on page 15. These values were used in the regressiun equations (Tables A-1 and
A-2) to prcduce the MIDSIZE VALUES iisted in Tables B-l through B-9.
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TABLE A-1

SUMMARY STATISTICS AND REGRESSION EQUATIONS FOR THE
' TWENTY-IWO HAND DIMENSIONS - FEMALES

NEAN SOV SE-ES SZ-SE R(X) R(Y) MAT-R  ---THC EQUATIONS---
HANO CIRC,NETACARP  7.37 .33 .00 217 1.006 564 1.000 L.000°X+  .000°Y+  .000
HAND BREADTH, META  3.03 .15 .07 .105 ..894 .569 .898  .340°X+  .042°T+ -84
DIGIT | JOINT CIRC 2,21 .12 .18 .14 614 430 622 .219°K+  .048%Y¢+ 257
DIG20STUNTCIRC 176 .10 .08 .092 .517 .349 .5718 .116°x¢  .0l1'T+ 388
DIG3OSTUNTCIRC L.76 .10 .08 098 .593 351 .%93  .18°X+  .M7'V+ 386
DIGAOST UNT CIRC  1.66 .09 .08 084 .603 358 .04 .IN*X¢  007'V¢ 351
DIGSOST JNT CIRC  1.52 .09 .08 084 571 .330 .57 .162'X¢  .003%7+  .3M
016 2 PR JNT CIRC .12 .01 09 097 628 445 638 LI91°Xe AT 485

17 0 09 09T 615 431 624 181K+ LMi'YR 583

.0

016 3 PR JNT CIRC
DIG 4 PR JINT CIRC J0 0 09 093 553 394 562 .155°K+ .037'T+ 601

L - - T A P

J6 08 087 575 .48 595 LN H53'T+ 30
, 221 140 543 U756 S46°XE LIS3'T+ 199
220 8 e 221 569 LS80 -.492°%+  L419'T+ - 025
480 16 195 398 (IS4 1S4 - 020X S42'Md . 263
. . JA92 481 148 148 -.022°X% LS21'TR 2%
24 L1600 L1960 419 T34 (T34 Mt 5121 4226
AT .13 48 (384 687 687 -.002°X+ L3550+ -.308
. L17  J564 1,000 1.000  deexe  1.00°T: N0
L0 15 169 415 (672 682 .M88°X+  L358°T+ -.460
20 .13 U159 483 LT49 75T L055°KR¢ Al - 240

11 016 5 PR JNT CIRC
12 WRIST CIRC

13 CROTCH 1| HEIGHT

14 CROTCH 2 HE1GHT

15 CROTCH 3 HEiGHT

16 CROTCH 4 HEIGHT

1T OIGIT 1 TIP-CROTCH
18 HAND LEWGTH

19 0IGIT 2 TIP-CROTCH
20 0ISIT 3 TIP-CROTCH
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TABLE A-2

SUMMARY STATISTICS AND REGRESSION EQUATIONS FOR THE
TWENTY-TWO HAND DIMENSIONS - MALES

REAN SOV SE-ES SZ-SE  R(X) R(Y) MULT-R ==~THE EQUATIONS---

@ v O U S bt PO e

HAND CIRC,METACARP  8.50 .35 .80 .217 1.&40 .586 1.000 1.000°X+  .090°Y+ 000
NAMO BREADTH, WETA  3.53 .16 .87 .t12 .885 .S545 865  .387°X+ . .017'T+  .IM
S1GIT 1 JOINT CIRC 2,67 .15 .12 .130 .532 .46% .566  .165°X+  .091°'Y+  .516
016 20ST NT CIRC 2018 .13 .11 .14 .552 450 573 .163°k¢ 069"+ .18
DIG 3 OSTUNT CIRC 2,13 .13 .11 .13 .59 478 617 .182°X+  .0T1'T+ 430
016 4 OST JuT CIRC 2,00 .12 .18 .lle .55 .351 .S1¢  .IS7°X¢  .028°YV4 449
QIG5 0ST T CIRC 1,83 .13 .11 .15 .523 .313 .529  .I1A8+  .035'T+ 1A
016 2 PR JNT CIRC .83 .4 b LI LS8 498 612 L1T9Xe L086°T+ LI
DIG 3 PR JNT CIRC 2.60 .15 2 .18 519 .58 .64 176K+ ¥ LTS
D16 4 PR JNT CIRC 242 .15 .12 14 5540 U532 L6100 153X L126'v+ DT
DIG 5 PR JNT CIRC .13 1 L1 ST SIS LIS L1estxe St - 17
VRIST CIRC 6.39 .31 4 s T 566 LTSY LeSetxe 20207+ -4
CROTCH | HETGHT 2.68 .23 .19 203 465 583 588 64T+ LJ35'Md -.482
CROTCH 2 MEIGHT 435 .24 13 L4 488 843 B3 - Tt LSdetYe 168
CROTCH 3 HEIGHT 428 .23 .13 L0 04 818 818 . - 00STXe 5100 367
CROTCN 4 MEIGHT 3 28 el 1z a3 1S e 3ty ST
QIGIT | TIP-CROTCN 2,31 .18 .14 159 248 572 .582 -.066°X¢  L3LYYe 483
¥ANO LENGTY 116 .37 .00 21T 586 1.000 1.6 00etX+  .0cT: 0M
DIGIT 2 TIP-CROTCN 2,96 .18 .13 .48 .496 .655 469 .087°X+  .273'T+ | IHH
PIGIT 3 TIP-CROTCH 337 .26 .11 149 .S12 826 926 .4'%+  .ddl'Yr -297
 DIGIT 4 TIP-CROTCA AT b 439 516 0 80 Tt ey -

DIGIT § TIP-CROTCY  2.42 .19 .15 168 457 625 .635  .074°x¢  ,282°T+ -39
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i |

Figure A-1. Normal distribution ihdicacing approximate population
percentiles with specified standard deviatioans (SD).

To create the size standacd deviation (SZSD) which accompanies the MID-SIZE
VALUE om the sizing tables, the SE EST was employed. The formula for computing
the SZSD is as follows: o

SzsD, = \/ SE EST2 + (A * INTERVAL WIDTHx)2 , (B * INTERVAL WIDTHy)?2
12 . 12

where A and B are the same as in each regression equntidn (see page 25),
interval widths x and y are the size category interval widths for the key
dmennons, and 1/12 is Sheppsrd s correction for groupmg.

Using the earlier example of hand breadth, the values in the equation' are
as follows:

e

Hand Breadth $2SD = \/(.07)2 + (.380 x .75)2 , (.042 x2-75)2 = ,108
12 1

This value rounds to .!l1 and wmay be found on Table B-l. Since each size
category within the sizing system was selected so that the interval widths of
the key dimensions are the same, the SZSD will be the same for all sizes for a
~ given dimension.

Once the MID-SIZE VALUE and the SZSD were computed for each dimension,
these statistics were employed to create the RANGE TO BE ACCOMMODATED values.
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These values represent approximately the Sth to 95th percentile values within a
size and are the MID-SIZE values plus or minus 1.65 SZSD. The SZSD functions in
the gsame way as the total sample standard deviation as shown in Figure A-l.

If the designer desires values at some other point, the regression
equations provided can be used. For example, the designer may desire values at
the small end of a size category for a group of dimensioas. The smaller key
dimension values can simnly be inserted into the appropriate equations. Indeed,
supplied with the procedures described in this report and the regression
equations, the designer can create a complete set of values for ome or more
additional sizes and even create entire new size programs.

Four of the measures taken in Garrett (1970a and 1970b) were not used in
their original form. The finger lengths (tip~crotch measures) Garrett measured
with the fingers straight and from a point at the center of each finger om the
palmar surface. Since curved finger lengths were desired for this purpose, the
measurement was transferred to a specified finger crotch so that the length
would be constant no matter what curvature was used. However, this required a
slight adjustment in the values to account for a change in the proximal
locations of the measure, These adjustments are reflected in the sizing

criteria precented in the main body of the text (Table 3 and Table 4). The

adjusted equations are as follows:

DIGiT 2 LENGTH: one half the absolute value of the adjustment to
Digit 4 was subtracted from Digit 2 Tip-Crotch

DIGIT 3 LENGTH: Crotch 3 Height was subtracted from Crotch 2
Height , divided by 2, then added to Digit 3
Tip~Crofch

DIGIT 4 LENGTH: Crotch 4 Height was subtracted from Crotch 3
Height, divided by 2, then added to Digit 4
Tip-Crotch

DIGIT 5 LENGTH: the absolute value of the Digit 4 adjustment
was subcracted from Digit 5 Tip-Crotch
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APPERDIX B
SIZING DATA FOR THE NINE SIZE CATEGORIES
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TABLE B-l

SHORT SNALL

THE RANGE FOR HANO CIRC,NETACARP 6.56 -
THE RANGE FOR HANO LENSTH 6.50 -

Nz 6%  TARIFF PERCENTAGE = 34.471

VAR M{D-SIZE SI-50
0 Lk
HAND CIRC METACARP | .78 Q22
MO BREADTN, META 2 2.M4 A
OIGIT L JoINT CIRC 3 2.9 A1
ple2osT T CIRC 4 L.6T 49
HE3 ST NI CIRC 5 1.87 N /]

pig4asTaaT e & 158 28
plesosTJmcCIG 1 LU N
pe2P T CiC 8 .M A0
peIPmuaTCiRe 9 .M A8
pgammaTCIC 10 193 N}
pesraTcie 11 188 R )
mIST CIRC i1 5.4 22
{RTCR | NEIGMT i L 20
CROTCH 2 NEIGNT [ R 19
10N 3 MY 15 wn 19
CROTCN & mEjeaT 16 1.1 .2
BIGIT 1 TIP-CROTEN 1T 2.95 19
MAND LENGTH 18 5.28 el
PIGIT 2 TIP-CROTCR 19 2.6 N
BIGIT 3 TIP-CROTCHE 29 2.% e

el
~»

1
A5

SIGIT 4 TIP-CROTCH 21 2.
BIGIT § TIo-CROTCHN 22 2,

-
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TABLE B-2 \':"'3
PG
o
REGULAR SHALL S
9
r._r:.
LA )
THE RANGE FOR NANO CIRC.NETACARP 6.50 - 1,28 RN
THE RANGE FOR NANO LENGTH 1.25- 8.0 NN
e
Na 5 TARIFF PERCENTAGE »  2.513 N
‘1' L
VAR WID-SIZE SZ-S0  RAWGE TO O€ :;2::3
0 VAL ACCONMOBATED AN
NAND CIRC.METACA®P | 6.8 .22 ¢6.52- 1.3 v-"sg
NAND BREAOTM, META 2 2.8 .11 2.70- 3.4 vyt
MGITLOWTCIRG 3 23 .11 1.94- 2.32 2.
MGZOSTUNT CIRC 4 1.8 .09 1.52- 1.83 e
NGIOSTJNTCIRC 5 168 .19 1.53- 1.8 NN
MGAUSTINTCIRC 6 158 .88 1.4d- 1.2 :
MGSOSTUNTCIRG 7 144 .08 1.30- 1.58
BS2PRMTCIRC 8 2.6 .10 1.9- 2.2
HEIPUMTCING 9 250 .19 1.M4- 2.2 L
NG4PEMTCIC 10 L% .09 1.81- 2.1
NESPMCIC 1Lz . LS - 1L o
WIST Cine 2 s .22 5.5 6. ""
CROTON { MEIGNY 13 2.53 .20 .20 - 2.8 YA
CROTCM 2 MESGNT 14 420 .19 3.88 - 4.92 PN
CROTCN 3 WEIGNT 1S 417 .19 3.85 - 4.49 .;j-';:
'f,:f
CROTON A NEIGNT 16 372 .20 140 - 4 PO
MIGIT I TIP-COTCN 17 232 .15 .07 - 2.5 -2
ARG LENGTN 8 162 .22 12 1.9 ."ﬂ'\-,...,
BIGIT 2 TIP-CROTCH 19 2.87 .11 2.68 - .15 R
MGIT 3 TIP-CROTCN 200 3.27 .16 3.8 - 3.54 Y]
R
DIGIT 4 TIP-CROTCN 21 310 .17 2.82 - 1.38 ;CL‘Z’.
vmnsm—cmm 222 a8 am- s wr
MITS ARE INCHES ‘ e
R
s
n.'..\.n.
N
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SHORT neDIuUN

{HE RANGE FOR MAND CIRC,NETACARP 7.2
6.5

TABLE B-3

THE RANGE FOR HAND LEWGTH

LIE T |

“ VAR

jawn CIRC, METACARP
HANO BREAOTM, NETA
DIGIT 1 JOINT CIRC
016 Z DST JAT CIRC
016 3 0ST JNT CIRC

016 4 0ST JNT CIRC
016 5 0ST JNT CIRC
816 2 PR JNT CIRC
DIG 3 PR UNT CIRC
016 4 PR JNT CIRC

DIG S PR AT CIRC
WRIST CIRC
CROTCH | HEIGHT
CROTCH 2 MEIGHT
CROTCH 3 HEIGHT

CROTCH 4 HEIGHT
. DIGIT 1 TIP-CROTCH
HAND LENGTH
0IGIT 2 TIP-CROTCH
01617 3 TIP-CRCTCH

G16IT 4 TIP-CROTCH
016iT § TIP-CROTCH

URITS ARE [NCHES

- B W - O

12

13
u
15

16
17
18
19
" |

]
174

e N

TARIFF PERCENTAGE =  2.748

RID-SIZE SI-S0

YALUE
1.83
.18
.U
1.9
.91

34

22
Sl
A3
81
A

Al
A
A2
13
A2

12
.28
20
1
A1

.16
16
22
.S
S

Jd
.16

g -
§ -

8.0¢
1.28
RANGE TO 8E
ACCONWODATED
1.21- 1.9
2.9 - 1.3
S .23~ .66
1.1 - .8
1.12- 2.8
1.66 - 2.2
1.46 - 1.84
.18 - .50
2.13- 2.5
1.97 - 7.38
1.69 - 2.99
5.67 - 6.6l
1.9 - 2,64
1.58 - .16
.55 - 411
3.9- 31N
1.83 - 2.3§
§.52- 1.3
2.40 - 2.89
210 - 3.2
.57 - 31.%3
1.84 - 2.31
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TABLE B~4 3
2008
S

NN

SHORT LARGE .
Ao

ote
THE RANGE FOR HAND CIRC,NETACARP 8.40 - 8.15 ::;-‘.;-‘43
THE RANGE FOR HANO LENGTH 6.50 - 1.25 vty
s:u;\’
R ‘-’
e 1 TARIFF PERCENTAGE =  4.791 2
VAR RID-SIZE SZ-S0  RANGE TO BE ;.‘_;2:-;2:
0 YALUE ACCOMROOATED BN
HAWD CIRC,METACARP | 838 .22 0.02- 8.1 rdsds
HANO BREADT, META 2 347 .11 3.28- 145 >t
MGIT I JOINT CIRC 3 2.57 .13 2.35- 2.18 e
OIG20STUNTCIRC 4 2.2 .11 1.83- 2.21 RV
MGIOSTMTCIRC 5 2.4 .1l 1.8 - 2.23 R
. ' ‘ R
MG4OSTATCIRC 6 L% .11 L7T- 214 s
LR ]
MESOSTANTCIR: 7 177 .12 1.58- 1.% o
DIG2PRUNTCIRC 8 2.3 .2 2.20- 2.63 et
IGIPRUNTCIRG 9 247 .13 2.26- 2.8 il
VG APRUNTCIRC 10 229 .12 2.08- 2.49 RN
' P
DGSPRUNTCIRG 11 201 .2 1.81- 2 3
WIST CIRe 12 6.6 .8 si6- 1. SR
CPOTCM ! MEIGNT 13 238 .20 2.0 - 2 L
CROTCH 2 MEIGNT ~ 14 3.87 .11 3.58- 4. ey
CROTCH 3 MEIGNT IS 383 17 55 - 4 N
"1_"_‘
CROTCH 4 MEIGNT 16 349 .16 3.23- 3.76 e

OIGIT 1 TIP-CROTCH 17 2.4 .16 1.78- 2.30 P
KAN LENGTH 18 688 .22 6.52- 1.3 R
OIGIT 2 TIP-CROTEN 19 211 .15 2.47 - 2.95 R
OIGIT 3 TIP-CROTCH 20 2.9 .15 2.73 - 3.2 s
O1GIT 4 TIP-CROTCH 20 2.82 .14 2.59 - 1.4 S
OIGIT S TIP-CROTCN 22 2.16 .16 1.9 - 2.43 ey

URITS ARE [NCHES

35 ' 10- ;




TABLE B-5
REGULAR NEDIUN

.Tli RANGE FOR HANO CIRC,METACARP T.25 - 8.4¢
THE RAKSE FOR HANO LENGTH 1.5 - 8.M

W I8 TARIFF PERCENTAGE =  6.85%

UNITS ARE [MCMES

36

VAR WMIO-SIZE SZ-50  RAMGE TO 8E
0 VAL ACCORNODATED
HANO CIRC.NETACARP | 7.3 . .22 1.21- 1.9
HAND BREAOTR, META 2 3.19 JdU e 313
OIGIT 1 JOINT ZIRC 3 2.52 A3 2.30- 213
plg 2 oSTUNT CIRE 4 1.95 A L6~ 2,14
G J0STUNTCIRE 5 1.% A L. 1S
QG 4OSTUNTCIRC ¢  1.86 Al L6 - .M
DIG S OST JNT CIRC 7 1.68 Jd2 1L - 1Ll
sl 2P uNTClRC 8 2.3 2217~ .56
dlgIPe T CIRC 9 2.83 Jd3 2. L
plG 4P NTCIRE 10 .27 A2 LK - L4
pesPr T CIRG 1t 197 A2 LT -
WIET CIRC 12 62 28 5.82- 6.6
CROTCH | MElGMT 13 .58 20 L4 -
CROTCH 2 we1GHT 4 428 J7T 399 - 49
CROTCH 3 ME1GHT 5 L2 J1T .93 - 45
. CROTCN 4 ME16HT 16 3.4 Jé 34T -
OIGIT | TIP-CROTCH 17 2.32 Jd6 286 - 258
MAND LEMTH 18 1.4 22 12- 1.
DIGIT 2 TIP-CROTCH 19 2.85 A5 .61 - 3,09
DIGIT 3 TiP-CROTCH 20 3.29 A5 305 - 154
DIGIT 4 TIP-CROTCH 23 3.8 J4 18- 33
BIGIT 5 TIP-CROTCH 22 2.32 Jd6 2.5 - 2,58
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TABLE B-6

REGULAR LARGE
THE RANGE FOR HANO CIRC,NETACARP 8.00 - 8.75
THE RANGE FOR HANG LENGTH .25 - 8.00
Ns 78  TARIFF PERCENTAGE = 53.428 ey
el
VAR WIO-SIZE SZ-50  RAWGE 10 BE ;1;.’-:{::;
: 0 VALK ACCORNOOATED S
HAND CIRC,METACARP | 838 .22 8.02- A.13 ARG
HANO BREAOTH, META 2 3.48 .11 3.29- 3.66 AR
DGIT 1 JOINT CIRC 3 2.64 .13 2.43- 2.85 A
0IG20ST MTCIRC 4 2.7 .11 1.89- 2.26 RSN
01 30ST NTCIRC 5 2.1 .11 1.91- 2.28 -‘;;t:,;:;-:;,
: ety
A N
DIG4DSTUNTCIRC 6 1.9 .11 1.19- 216 POAAEN
DIGSOSTUNTCIRC 7 1.80 .12 1.61- 1.9 ;"é";,
QIG2PRUNTCIRC & 250 .12 2.30- 2.9 ]
WGIPRUTCIRC 9 2.5 .13 2.35- .M RN
MG 4PRNTCIRC 10 238 .12 2.18- 2.59 Y
) ' \* .1';1‘ ¢
MGSPRUNTCIRG (1 209 .12 1.89- 2.29 »‘-,'3'-':‘;::’!
WRIST CIRC 2 618 .28 631- 125 “"' >
CROTCN | WEIGNT 13 2.3 .20 2.29- L% A
CRGTON 2 MEIGNT 14 428 .17 - 3.9 - 4.5 RN
CROTCH 3 MEIGNT 1S 421 .7 393 - 449 RN
r_'.‘:\f":‘:-\
CROTCH 4 WEIGHT 16 377 .16 3.51- &M PNBO
OIGIT | TIP-CROTCN 17 2.21 .16 2.01 - .54 R
1AW LENGTH 8 16 .2 1.21- 1. cane
0IGIT 2 TIP-CROTCN 19 2,91 .15 2.67- .16 RISHo
DIGIT 3 TIP-CROTCN 20 331 .15 3.46 - 3.5§ PACAEN
: NODRUER
A _,I ’,'_
DIGIT 4 TIP-CROTON 21 311 .14 2.88- 3.34 TN
DIGIT § TIP-CROTCR 22 237 .16 .11 - .64 .
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TABLE B-7

e
e

i
5

N e
J R
e

e
Lol

REGULAR X-LARGE

g,
THE RANGE FOR HAND CIRC.NETACARP 8,75 - 9,50 RoveIe
THE RANGE FOR HAND LENGTH 1.25 - 8.0¢ :

Ns U5 TARIFF PERCENTAGE = 10.27%

VAR NID-SIZE ST-SO  RAWGE TO BE
N0 VALUE ACCONNODATED

Bk d

HAND CIRCMETACARP | 9.12 .22 8.17- 9.48
HAND BREAOTH, NETA > 377 .1 3.58 - 3.95
BIGIT L WGINTCIRC 3 276 .13 2.5 - 2.8
OIG20ST T CIRC 4 220 .11 2.01 - 2.38 2
MEIOSTWTCIRG 5 2.3 .11 2.04- 2.42
OIG40STUNTCIRC 6 209 .11 1.91- 2.28
NGSOSTUTCIR 7 193 .2 LMU- 2.2
UG ZPRUNTCIR 8 2.63 .12 2.44- 2.83
DIGIPRUNTCIRC 9 2,69 .3 2.48- 2.9
DG4PRUTCIR 10 250 .12 229- 2.1
DIGSPRUNTCIR I 222 .2 2.82- 2.4 RaLTAY
WRIST CIRC L8 ese- 1N .
CROTCH | HEIGHT 13 2.68 .20 2.34- 3.0 ':',:-*V"'j,\,:_w
CROTCH 2 WEIGAT 14 427 .11 3.9 - 4.5 RS
CROTCH 3 WEIGNT 15 4.21 .17 3.92 - 4.4 NS
A J':" 7
CROTCH 4 WEIGHT 6 380 .16 3.54- 4.07 AN
DIGIT | TIP-CROTCN 17 223 .16 1.96- 2.49
HARD LENGTH .8 .22 La7- 1.8
DIGIT 2 TIP-CROTCN 19 298 IS 2.1 - 3.2
DIGIT 3 TiP-CROTCH 20 .33 .15 3.48 - 3.57
DIGIT 4 TIP-CROTCH 20 3.4 .14 291 - 3.3
DIGIT S TIP-CROTC 22 243 .16 2.16 - 2.69
INITS ARE IWCHES
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TABLE B-8 2‘«'2',-«3-
e )
S8
Whvh
LR G Y,
, BRNNAY
LONG LARGE S - . . ;
o : ':’“53"‘?‘
. DTN
THE RANGE FOR HAND CIRC.NETACARP 8.0 - 8.75 . R
THE RANGE FOR WAND LENGTH 8.00 - 875 .,.}‘,,.;::::
' : :::\"\"-G
Wx IS TARIFF PERCENTAGE = 10.27% ' S, ~4
. : ! -"‘.-,:."
VAR RIO-SIZE SZ-50  RAMGE T0 8€ RN
, 0 YALUE ACCORNOOATED N0
MAND CIRC,NETACARP | 8.38 .22 8.02- .73 Qﬂiﬁ;&
HAND BREAOTN, WETA 2 3.9 .11 3.31 - 3.68 CUALY
DIGIT 1 JOINTCIRC 3 2.71 .13 2.50- .93 D . xS
DIG20STUNTCIRC 4 213 .11 1L.94- 2.3 rr il
DIGIOSTUMTCIRC 5 2.5 .11 1.9%6- 2.34 ey
v a-.'-‘:‘,‘.‘f
MG LOSTUNTCIRG 6 2.00 .11 ~1.82- 2.18 i
DIGSOSTUNTCIRG 7 1,83 .12 1.64- 2.8 Lfatad
G 2PRANTCIRC 8 2.5 .12 2.31- .16 ? s
DISIPRUNTCIRG 9 2.65 .13 2.44 - 2.86 ;;S:;:
DIG4PRATCIRC 10 248 .12 2.21- 2.6 N0V
AL,
MIGSPRUTCIRG M 207 .z 197 .31 ,-;-31;?:
WRIST CIRC 12693 .28 646~ 1.40 AL
CROTCH | MEIGNT 13 2.8 .28 2.54 - .22
CROTCH 2 MEIGNT 14 4.68 .17 4.40.- .97
CROTCH 3 MEIGNT 1S 459 .17 4.31- 488
CROTCH 4 EIGNT 16 405 .16 3.79- 432
DIGIT 1 TIP-CROTEN 17 2.51 .16 2.25- 2.1
HAKD LENGTH ¢ 838 .22 8.2- 8.1
OIGIT 2 TIP-CROTCH 19 3.12 .15 2.8 - .36 ai
DIGIT 3 TIP-CROTCN 20 3.6 .15 3.39- 3.89
COIGIT A TIP-CROTCH 21 340 .14 3.7 - 1.6 e
DIGIT § TIP-CROTCN 22 2.59 .16  2.32 - 2.88 B
‘ RO
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TABLE B-9

LONG X-LARGE

THE RANGE FOR NAND CIRC,NETACARP 8.75 - 9.5¢
THE RANGE FOR MAND LEWGTN 8.00- 875

W= 1T TARIFF PERCENTAGE = 11.641

VAR RID-SIZE SZ-SB  RAMGE TO BE
0 VALK ACCONNOSATED
MED CINC,RETACARP | 903 .22 8.77- 9.48
AAND OREASTH, BETA 2 3.7 1! .60 - 3.97
GIT L XINTCIC 3 2.84 .13 2.62- 3.95.
.- © o RIC2WSTMTCIG 4 .25 .11 .86- 2.4
+ ¥ MGINSTMTCINC S 229 .11 2.10 - 2.4
®. MEAOSTHTCING 6 212 .11 1.93- 2.8
- MESUSTMTICIG T 195 .12 1.76- 2.14
NI2PR ATCIG 8 270 .12 2.50- .89
MCIPMM ATCIC 9 218 .13 2.57- 2.9
N MGIP ATCING 1§ 2.59 .12 2.39- 2.8
) MESPR ATCIRC I 238 .12 2.10- 2.5
. WIST CINC 2 142 .8 6.%5- 1.89
' COOTCH | MEIQT (3 293 .20 2.59 - .26
CROTCH 2 WEIGNT 14 4.68 .11  4.39- 4.97
COOTCN 3 MEIGNT 1S 4.5 .17 4.31 - 4.87
CPOTCH 4 WEIGNT 16 4.08 .16 3.82 - 4.35
NEIT L TIPCHOTCE 17 2.6 .16 2.20 - 212
AN LENETH 18 838 .2 &m- 3l
MGIT 2 TIP-CROTON 19 418 LIS 2.0 - 3.43,
BGIT I TIP-COOTON 2 366 S 340 - 390
|
MIGIT 4 TIP-CROTCY 21 343 .14 3.0 - 3.6
MGIT S TIP-CROTCH 22 2.64 .16 2.38 - 2.91
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